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Nosocomialpneumonia is a majorcause of mortality among patients in intensive care units, despite
recent advances in antimicrobial therapy. Aerobic Gram-negative bacilli remain the pathogens
responsible for most of these pneumonias. These organisms colonize the oropharynx ofseverely iD
patients, and their subsequent aspiration results in lower respiratory tract infection. Recent investi-
gation into the pathogenesis of oropharyngeal bacterial colonization has shown the central impor-
tance ofbacterialadherence mechanisms.
(Podnos SD, Toews GB, Pierce AK: Nosocomial pneumonia in patients in intensive care units.
WestJ Med 1985 Nov; 143:622-627)

Sophisticated therapies in intensive care units allow many
patients to survive a primary illness, only to succumb to

nosocomial infection. Pneumonia is now the most common
hospital-acquired infection leading to death, occurring in
0.5% to 5% of all in-hospital patients and in 12% to 15% of
patients ill enough to require intensive care. 1-3 The incidence
ofpneumonia in the intensive care unit (ICU) setting is related
to the primary disease process; rates of5% for patients with
cardiovascular disease, 24% for primary respiratory tract
disease and 63 % for acute respiratory failure have been re-
ported.2,4

Gram-negative bacilli (GNB) are the pathogens respon-
sible for nosocomial pneumonia in 75% to 90% ofcases, with
Pseudomonas aeruginosa, Klebsiella pneunoniae, Escheri-
chia coli and Proteus species the most commonly isolated
agents. l 5'7 In a study of patients in ICUs, pneumonia due to
Gram-positive cocci did not add significantly to the usual
mortality of4% to 5%, while that caused by GNB resulted in
a mortality of33 %; a 70% mortality occurred ifPaeruginosa
was present.8 Anaerobic bacteria have not been recovered
despite careful techniques in two recent studies ofnosocomial
pneumonia.9 l0In this review we will address recent advances
in the attempt to diagnose, treat and prevent these increasingly
important bacterial infections. Leglonella species have been
noted to cause epidemic nosocomial pneumonia in certain
hospitals. In most intensive care units, however, Legionella
species and other newly recognized agents that may be re-
sponsible for nosocomial pneumonia constitute less than 5%
of all cases and will not be discussed here.'1-I5

Pathogenesis
An alteration in bacterial colonization of the oropharynx

is the most important factor responsible for the increased
incidence of and change in the bacterial species responsible
for pneumonia in patients in ICUs. In ababoon model ofacute
respiratory failure, 9 of 11 animals were shown to have GNB
oropharyngeal colonization before the onset ofGNB pneumo-
nia.16 As many as 90% of patients in ICUs in whom pneu-
monia develops have an earlier oropharyngeal colonization
with the same species of GNB.1-2 Pneumonia develops in
12% to 25% of all patients so colonized, whereas only 3% of
patients not previously colonized have this complication.2

The risk of colonization of the pharynx with GNB is re-
lated to the general state of health of the population studied.
Gram-negative bacilli are rarely cultured from the oro-
pharynx of healthy persons.'719 In experimental animals,
starvation for three days results in a pronounced increase in
GNB colonization.20 A third ofhealthy patients become colo-
nized with GNB 48 hours after a major surgical procedure.21
About 17% of moderately ill and 55% of severely ill patients
are colonized at the time of admission to an ICU." Acute
respiratory failure is associated with an especially high risk of
GNB colonization and pneutnonia. In all of the animals in a
recent study of a model of the adult respiratory distress syn-
drome, GNB oropharyngeal colonization and subsequent
pneumonia developed. " In all, 74% ofpatients who die ofthe
adult respiratory distress syndrome have histotogic proof of
pneumonia at autopsy.22 Specific risk factors for colonization
include coma, acidosis, alcoholism, diabetes mellitus, hypo-
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ABBREVIATIONS USED IN TEXT
GNB = Gram-negative bacilli
ICU = intensive care unit
TPC = telescoping protected [brush] catheter

tension, leukocytosis, leukopenia, azotemia, primary respi-
ratory tract disease, endotracheal intubation and possibly the
prophylactic use of antibiotics.2'23'24 The duration of ICU
stay is not a significant risk factor for colonization, as the
majority of patients who become colonized do so by the fourth
hospital day. Sources of the GNB appear to be gastrointestinal
organisms endogenous to a colonized patient and GNB trans-
mitted from other patients by hospital personnel.25

Bacterial adherence to epithelial cells is of central impor-
tance to the pathogenesis of oropharyngeal GNB coloniza-
tion, a phenomenon previously found in patients with urinary
and gastrointestinal tract infections.26'27 Gram-positive or-
ganisms normally colonize the oropharyngeal area and may
protect against adherence and colonization by GNB. Patients
who become colonized have fewer Gram-positive cocci and
larger numbers ofGNB adherent per epithelial cell.21

Fibronectin, a 200,000-dalton cell surface glycoprotein,
may be the factor regulating GNB adherence and coloniza-
tion. Gram-positive cocci bind well to cells rich in fibro-
nectin, whereas GNB bind well only to cells that are
fibronectin deficient.28'29 GNB attach to sugar-containing
sites on the cell membrane by means of fingerlike projections
on their surface called pili. Fibronectin probably protects
against GNB adherence by blocking these sites.30'3' Trypsin-
ized oropharyngeal cells from healthy volunteers and unmodi-
fied cells taken from GNB-colonized patients are both
remarkable for decreased concentrations of cell surface fibro-
nectin, as well as an increased ability to bind GNB.31'32 A
prospective study of healthy patients undergoing elective sur-
gical procedures showed an increase in salivary protease ac-
tivity following the operation, accompanied by a decrease in
cell surface fibronectin and an increased Pseudomonas-cell
binding ratio.33 It is not clear whether salivary protease ac-
tivity is augmented by host or microbial sources or by a de-
creased amount of a normally present protease-inhibitor.

The ICU environment also may be important in the patho-
genesis of nosocomial pneumonia. Potential colonization of
respiratory support equipment has been shown as an impor-
tant, yet preventable, source of this nosocomial infec-
tion. 1'5'34'35 Invasive catheters and urinary drainage devices
allow a nidus of lymphohematogenous spread of infection,
although this remains a relatively uncommon cause of pneu-
monia. I-2 In an autopsy series of patients with the adult respi-
ratory disease syndrome, however, a third of the cases of
pneumonia found were felt to be secondary processes, with
peritoneal abscesses the most common primary site of infec-
tion.22 Interpatient transfer of bacteria by hospital personnel,
including poor hand-washing patterns by physicians, may re-
sult in an increased incidence of infection with resistant or-
ganisms.36

Diagnosis
Even if a nosocomial pneumonia is suspected on the basis

of fever, leukocytosis and a new infiltrate on chest radiog-
raphy, the presence of infection is not certain. In two recent

studies, the use of clinical and radiologic signs and the re-
sponse to therapy to diagnose the presence of pneumonia in
patients with diffuse lung injury resulted in a 30% to 45%
incidence of false-positive and false-negative diagnoses.22'37
Thus, most clinicians initiate antibiotic therapy upon any
suspicion of nosocomial pneumonia, given the risks of un-
treated infection. Diagnostic methods are most useful for
identifying an organism responsible for the pneumonia in
order to guide specific therapy. Numerous authors have re-
viewed the use of various diagnostic techniques toward this
goal. 1.5'38-41 While bacteria are the most common etiologic
agents in nosocomial pneumonia, patients with certain malig-
nant lesions, those with neutropenia and patients taking im-
munosuppressive medications or with congenital or acquired
immunocompromising diseases are at additional risk for
pneumonia caused by a wide spectrum ofopportunistic organ-
isms. Indeed, pneumonia is the most common site of serious
infection in these hosts. The additional complexity involved
in isolating and treating the fungi, viruses and parasites that
can infect these patients often requires a more aggressive
diagnostic approach. Readers are referred to several excellent
reviews of pneumonia in an immunosuppressed host, and we
will focus on cases of generally immunocompetent pa-
tients.39~45

The initial diagnostic intervention should be to obtain
specimens for culture from sites that are most likely to pro-
vide a definitive diagnosis. Several blood specimens should
be obtained for culture. If pleural fluid is present in sufficient
quantity to be safely aspirated, it should be examined by
Gram's stain and culture. If an organism is identified from
these sources, therapy can then be specifically directed. Un-
fortunately, the use of expectorated sputum to identify an
infectious agent may not be reliable, as it is virtually impos-
sible to separate bacteria that colonize the oropharynx from
those responsible for the pneumonia. Expectorated sputum is
often not representative of lower respiratory tract secre-
tions.46'47 Methods of "grading" the quality of expectorated
sputum and quantitative culture techniques have not proved
accurate in patients in ICUs.41'46-50 Sputum obtained by trans-
tracheal aspiration or by suction (nasotracheally or through a
tracheostomy or endotracheal tube) theoretically allows sam-
pling of tracheal secretions without oropharyngeal contami-
nation. Although transtracheal aspiration has been
extensively studied in cases of community-acquired pneu-
monia, it has not been selectively studied in patients with
hospital-acquired infection. Also, both suctioned sputum and
transtracheal aspirate may be contaminated with a trachea-
colonizing flora, which may not represent the cause of the
pneumonia.49'5' 56"58

In recent studies new techniques have been used to bypass
the upper respiratory tract and thus obtain uncontaminated
lower tract secretions. Specimens taken by brushing and suc-
tioning using standard fiberoptic bronchoscopy are frequently
contaminated by bacteria that colonize the oropharynx.59-62
The combination of quantitative cultures and immunofluores-
cent staining techniques was recently found to significantly
increase the sensitivity and specificity of cultures obtained in
this fashion.63 As few patients were receiving antibiotics and
few had other bacteriologic proof ofpneumonia, further eval-
uation of these techniques is needed in an ICU population
before they can be recommended.
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A "wedged" catheter technique for use in intubated pa-
tients has recently been evaluated in cases of comnmunity-ac-
quired pneumonia, with encouraging results." Controlled
studies in patients with hospital-acquired pneumonia are
needed before this technique can be recommended in the ICU
population. The telescoping protected brush catheter (TPC)
inserted through a fiberoptic bronchoscope has recovered
sterile lower tract secretions in healthy patients.59'60'65 Be-
cause low concentrations of oropharyngeal organisms can be
taken from the lower respiratory tract of some healthy volun-
teers, quantitative culture techniques are important when
using the TPC.9 61'62 In a comparison of diagnostic tech-
niques using a dog model of pneumococcal pneumonia, the
TPC showed a sensitivity and specificity second only to trans-
thoracic lung puncture.56 In patients with community-ac-
quired pneumonia, TPC recovered the same organisms found
in all bacteremic patients.67 In a study of primates with noso-
comial pneumonia, the TPC was 70% sensitive and 90%
specific. F0Further evidence ofthe sensitivity ofthis technique
is provided by a recent study that compared quantitative cul-
tures of specimens obtained with the TPC and by lung biopsy
in patients who died while on mechanical ventilation. All
specimens were obtained immediately after the death of the
patient. TPC cultures identified every bacteria present in
every patient with histologic proofofpneumonia. There were
some false-positive culture results, but no case of pneumonia
was missed with the TPC.9 Unfortunately, a recent compar-
ison of the TPC, transthoracic lung puncture and the use of a
regular cytology brush in patients with underlying diseases
admitted for acute pulmonary infections had less encouraging
results.68

Thus, studies of various techniques of obtaining speci-
mens by fiberoptic bronchoscopy have yielded variable re-
sults or the techniques have not been adequately tested in ICU
patients. Further, although fiberoptic bronchoscopy is a safe
procedure in ambulatory patients,69 its use in critically ill
patients often results in a higher rate of complications.70 For
these reasons, most physicians do not routinely use these
techniques.

More invasive diagnostic modalities-direct lung aspira-
tion and open-lung biopsy-have been studied predominantly
in immunocompromised hosts.3 39-44'49 These procedures
carry a significant risk of complications, and no data are
available to support their use in nonimmunosuppressed ICU
patients.

Clinical Approach and Therapy
In a patient with presumed nosocomial pneumonia and no

pathogen seen on Gram's stain of a pleural fluid specimen,
sputum is the only material available on which to make thera-
peutic decisions. Although sputum is often contaminated with
organisms not responsible for the nosocomial pneumonia,
careful evaluation of a Gram's stain may indicate the need for
broader antimicrobial coverage if an unsuspected pathogen
such as Hemophilus influenzae is seen. This organism is a
small Gram-negative coccobacillus that may cause commu-
nity- or hospital-acquired pneumonia.9'64 If blood, pleural
fluid and sputum specimens are not diagnostic, the clinician
must decide whether or not to proceed to more invasive diag-
nostic procedures. One or more of these procedures may be
helpful in the initial diagnosis or after failure of empiric

therapy. Each procedure has risks, and the physician must
weigh the possible morbidity against the probabilities of ob-
taining useful therapeutic information. In most instances, the
initial choice ofantimicrobial therapy is empiric.

Recommended empiric therapy is the use of two antimi-
crobial agents to cover the wide spectrum of organisms (with
variable antimicrobial resistance) responsible for nosocomial
pneumonia. The combination of an aminoglycoside with an

extended-spectrum penicillin or a cephalosporin will accom-
plish these goals in most instances.71-75 An apparent H influ-
enzae on sputum Gram's stain mandates coverage of this
organism as well. Third-generation cephalosporins may offer
improved coverage of GNB with less nephrotoxicity than
aminoglycosides. Cefotaxime sodium and cefoperazone so-
dium may be the most useful of this group for the treatment of
patients with hospital-acquired pneumonia (Table 1). 73-78 In a
recent trial, cefotaxime was found to be more effective and
less toxic than the combination of nafcillin sodium and tobra-
mycin in treating patients with serious bacterial infections.78
Further studies are required, however, before single-drug
empiric therapy can be recommended for patients with hospi-
tal-acquired pneumonia. Suspected infection with P aerugi-
nosa (as in hospital epidemics) requires additional coverage
with an extended-spectrum penicillin or cefoperazone. 70'74
At this time, more specific choices of antimicrobial drugs
cannot be generalized from the literature. The bacterial flora
of each hospital and its antimicrobial sensitivities should be
used as a guide in making individual drug decisions. Unfortu-
nately, the previously noted high mortality rates for
Gram-negative nosocomial pneumonia occur in spite of anti-
microbial therapy. 8,7273

If a pathogen is subsequently cultured from blood or

pleural fluid specimens, specific antimicrobial therapy may
be used and inappropriate agents dropped from the regimen.
Efficacy of antibiotic therapy in patients with bacteremia may
be predicted by measuring peak serum bactericidal concentra-

:
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tions.'9 Achieving certain peak aminoglycoside levels has
been shown to improve the outcome of patients with GNB
pneumonia (Table 2).8O Although results ofculture ofexpecto-
rated or suctioned sputum may be used to initiate broader
antimicrobial coverage, they are not reliable enough alone to
allow discontinuation ofempiric coverage.

In a single study, endotracheally administered sisomicin
sulfate, in addition to standard intravenous antibiotic therapy
in patients with nosocomial GNB pneumonia, resulted in a
decrease in mortality without toxic effects or emergence of
drug-resistant organisms.81 Systemic levels of sisomicin were
not affected by the endotracheal dose, suggesting the impor-
tance of antibiotic concentration locally in determining the
efficacy of therapy.82 Confirmation of these results is neces-
sary before this therapy can be recommended.

Prevention
Although effective infection control measures cannot pre-

vent oropharyngeal colonization of susceptible patients, they
may prevent GNB already resistant to antimicrobials from
entering a patient's environment. These methods include
hand-washing after contact with each patient and proper ster-
ilization of respiratory therapy equipment. 1.34.36

Because most cases of nosocomial pneumonia are pre-
ceded by oropharyngeal colonization with Gram-negative
bacteria (GNB), research has focused on preventing such
colonization. Trials ofthe prophylactic use ofparenteral anti-
biotics to prevent hospital-acquired pneumonia resulted in the
emergence of antibiotic-resistant organisms.83 Efforts were
next directed at prophylactically using antibiotics locally in
the oropharyngeal region. Even minimal doses of antibiotics
can alter the structure and function of bacterial "adhesins"
(bacterial structures involved in binding to cells) and thereby
prevent bacterial-cellular binding.8485 Between 1970 and
1975, three trials using prophylactic polymyxin B sulfate
aerosolized into the oropharynx of ICU patients showed a
significant decrease in colonization with GNB.8688 One trial
ofcontinuous polymyxin B use resulted in pneumonias caused
by predominantly polymyxin-resistant bacteria. No trial
showed a significant decrease in mortality. An additional
three trials using endotracheally administered gentamicin sul-
fate to prevent infection in patients with tracheostomies re-
sulted in no improvement in overall mortality.89-91
Unfortunately, there was a significantly increased incidence
of gentamicin-resistant organisms in the antibiotic-treated
groups. Aerosolized gentamicin had no effect on infectious
complications or mortality in a prospective randomized study
of patients with inhalation burn injuries.92 In a recent study of
acute respiratory failure in animals, the combination of inten-
sive oropharyngeal suctioning, topical polymyxin B and sys-
temic ampicillin lowered the attack rate ofGNB pneumonia to
19%, compared with 100% in control animals. Overall mor-
tality was not stated, and ampicillin therapy was begun before
respiratory failure. However, these findings support the ratio-
nale for altering the oropharyngeal environment in seriously
ill patients. 16

Early trials of an anti-Pseudomonas vaccine were effec-
tive in lowering the prevalence of Pseudomonas colonization
and infection in susceptible patients, but there was no effect
on mortality.93196 A newer anti-Pseudomonas vaccine has
shown more encouraging results in burn patients.9'-98 A

human vaccine composed of the core lipopolysaccharide
shared by most clinically important GNB had significant pro-
tective effect in immunosuppressed animals.99 Passive immu-
nization using human antiserum produced by vaccinating
healthy volunteers decreased tnortality in patients with GNB
bacteremia.99100 Unfortunately, it will require more investi-
gation before these techniques are available for use and
proved to be effective in patients in ICUs.

Other methods to prevent colonization by Gram-negative
bacteria will use knowledge gained from studying bacterial
adherence. Future therapeutic modalities may involve iso-
lated cell receptor analogues or isolated bacterial adhesin
analogues to interfere in the binding process. Alternatively,
the increased protease activity in saliva of colonization-sus-
ceptible patients could be neutralized to prevent the loss of
fibronectin, or a method to restore already lost fibronectin
may be developed.

Summary
Nosocomial bacterial pneumonia remains a major cause of

mortality in ICU patients. In patients not responding to em-
piric therapy, new diagnostic techniques involving broncho-
scopically placed protected catheters may allow more specific
isolation of causative agents and may thereby improve the
efficacy of current antibiotic therapy. Future advances in this
field should focus on preventing these infections, using
knowledge gained from an orderly sequence of recent investi-
gations. These studies have shown that severe illness results in
a loss of fibronectin from oropharyngeal cell surfaces. GNB
colonization follows, and aspiration of oropharyngeal bac-
teria leads to GNB pneumonia. Using this knowledge at a
molecular and cellular level may allow interruption of GNB
colonization and thereby GNB pneumonia. Alternatively, fu-
ture vaccines may provide effective prophylaxis against these
infections.
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ON RATIONING OF HEALTH CARE
As RISING HEALTH EXPENDITURES in the United States constitute a growing proportion ofthe
nation's economic output, driven by factors such as the development of improved medical
technology and the aging of the population, public policymakers are reassessing the scope of
government health care financing in light of competing public funding priorities. Actions
already initiated to limit or reduce economic resources allocated to health care have given
rise to the possibility that some form of explicit rationing of medical services may be forced
upon society in the near future. Resource allocation decisions made by government and other
third-party payors may cause drastic cost-cutting measures within the health care delivery
system, which in turn may result in the rationing of services to patients as the availability of
or access to those services is diminished.

Practicing physicians are faced with the dilemma of attempting to serve the societal goals
ofhigh quality medical care, equity ofaccess to care and health care cost containment-goals
that may in fact conflict with one another. Pressures exerted by hospitals, government and
third-party payors threaten to cast physicians as agents of rationing in strategies intended
only to curtail escalating health care costs.

Given the far-reaching ethical, political and social implications of policies concerning
the rationing of scarce medical resources, decisions in this regard must be reached through a

process involving full participation by all concerned sectors of society. Physicians, by virtue
of their medical expertise and their central role in the health care delivery system, must play
an important role in the development of such a broad-based consensus, but cannot be
expected to assume total responsibility for the equitable disbursement of society's limited
health resources. The medical profession does, however, have a clear responsibility in
helping to obviate, to the greatest possible extent, the necessity ofexplicit rationing schemes.
Efforts toward this end include the promotion of technology assessment to develop informa-
tion on the benefits and costs of alternative treatments, the elimination of inappropriate or
unnecessary treatments and procedures, better communication with patients regarding the
relative benefits and costs of alternative interventions and utilization of the least expensive
settings for the safe and efficient delivery of high quality medical care. Incorporation df
greater emphasis on preventive medicine in clinical practice also must be encouraged as an

appropriate cost-containment measure.
While the medical profession cannot abdicate its responsibility to society in addressing

the need to control health care costs, the individual physician's primary and overriding
responsibility is to his or her patients. In the care and treatment of patients, a physician must
be guided by decisions based on the informed consent of patients to whatever therapies are

clearly and proportionately beneficial to them. A physician has a duty to serve as an advocate
of the patient's best interests and ought not become the sole responsible agent of institutional
rationing schemes based on strictly fiscal considerations.

A policy statementfrom the Committee on Evolving Trends in Society
Affecting Life, California Medical Association
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